The paper provides an updated checklist of the alien flora of Turkey with information on its structure. The alien flora of Turkey comprises 340 taxa, among which there are 321 angiosperms, 17 gymnosperms and two ferns. Of the total number of taxa, 228 (68%) are naturalized and 112 (32%) are casual. There are 275 neophytes (172 naturalized and 103 casual) and 61 archaeophytes (52 naturalized and 9 casual); four species could not be classified with respect to the residence time. In addition, 47 frequently planted taxa with a potential to escape are also listed. The richest families are Asteraceae (38 taxa), Poaceae (30), Fabaceae (23) and Solanaceae (22). As for the naturalized alien plants, the highest species richness is found in Asteraceae (31 taxa), Poaceae (22), Amaranthaceae (18) and Solanaceae (15). The majority of alien taxa are perennial (63.8% of the total number of taxa with this life history assigned, including those with multiple life histories), annuals contribute 33.8% and 2.4% are biennial aliens. Among perennials the most common life forms are phanerophytes, of which 20.3% are trees and 12.6% shrubs; woody vines, stem succulents, and aquatic plants are comparatively less represented. Most of the 340 alien taxa introduced to Turkey have their native ranges in Americas (44.7%) and Asia (27.6%). Of other regions, 9.1% originated in Africa, 4.4% in Eurasia, 3.8% in Australia and Oceania and 3.5% in the Mediterranean. The majority of taxa (71.9%) were introduced intentionally, whereas the remaining (28.1%) were introduced 
Introduction
Turkey has a long tradition of floristic research and as a result its native flora is satisfactorily investigated. With more than 12,000 plant taxa (Davis 1965 -1985 , Davis et al. 1988 , Güner et al. 2000 and new species being continuously described, including new endemics (Güner et al. 2012 (Güner et al. , Özhatay et al. 2013 (Güner et al. , 2015 , the flora of Turkey is the richest among the Mediterranean, European and neighbouring countries (Ekim and Güner 1986) . The majority of this total number is represented by native taxa with 31% of endemics (Güner et al. 2012 ). Turkey's landscape and ecological diversity has contributed not only to a high floristic richness, but has also allowed for successful introductions and cultivation of a great number of crops, fruit species (Ercisli 2004) and forest trees (Atalay et al. 2014) .
On the contrary, up to now there was only limited information on Turkish alien flora. Being located at the crossroads of three continents, there has always been an intense movement of humans and goods across Turkey over the history due to human migration, and in modern Turkey both plants and animals were being introduced intentionally and unintentionally in great quantities. Suitable conditions for the cultivation and use and subsequent naturalization of plants introduced into the country are supported historically. Turkey is a country of special significance in the history of agriculture, with some of the earliest sites of plant domestication nearly 10,000 years ago (Aksoy and Oksar 2015) , and today 50% of the country area is agricultural land (FAO 2017) .
With this background, it is somewhat surprising that so far, the main source of information about alien flora of Turkey was a checklist generated for the DAISIE project (Delivering Alien Invasive Species Inventories for Europe, 2004 Europe, -2008 see DAISIE 2008 , Lambdon et al. 2008 , based on the several decades old flora (Davis 1965 (Davis -1985 that was rather outdated in terms of inventory of alien species. Therefore, the DAISIE project reported only 220 alien taxa for Turkey, of which only 95 were assigned the naturalization status with certainty (Lambdon et al. 2008) , which is an underestimation of the real situation. In fact, it should be taken into account that DAISIE included mainly the European part of Turkey, which represents only 3% of the Turkish territory. More recently, new insights into this aspect were provided by the book "Türkiye İstilâcı Bitkiler Kataloğu" (Catalogue of the invasive plants of Turkey) by Önen (2015) .
However, such lack of a recent account on the alien flora represents a serious constraint to the management of those plants that are currently invasive or may become so in the future. As generally agreed, alien species lists form the basis for much of the current research on biological invasions, for guiding legislation and code of conducts, as input to decision making and risk assessment and in the formulation of management policies and strategies for nature conservation (Hoffmann and Broadhurst 2016 , Woodford et al. 2016 , Jacobs et al. 2017 . From the scientific point of view, macroecological analyses of alien floras has received much attention recently and improved the understanding of historical flows of alien species among continents , the dynamics of their accumulation (Seebens et al. 2017) as well as factors driving the variation in regional diversity of alien floras , 2010 , 2015 , Essl et al. 2011 .
The aim of this paper is therefore to fill the important gap in the knowledge on alien flora in one of the richest in species countries in Eurasia, by compiling the first comprehensive list of alien plants in Turkey and providing an analysis of its taxonomic composition, origin and ecological structure.
Methods

Study area
Turkey is a large and diverse country located between 25°40' to 44°48'E, and 35°51' to 42°06'N. The total area is 814,578 km 2 of which 97% is located in Asia and 3% in in Europe. It is divided into seven geographical regions: Black Sea, Eastern Anatolia, South Eastern Anatolia, Mediterranean, Aegean, Marmara and Inner Anatolia. The average altitude is 1,141 m a.s.l., and it increases from West to East; 18% of Turkey is below 500 m and 25% between 500 and 1,000 m. Plains up to 2,000 m of altitude and high plateaus up to 2,500 m are another source of biodiversity of native plants while providing potential diverse niches for the naturalization of alien species. Turkey's natural environment is very diverse in terms of climate, ranging from subtropical to cold temperate, as well as topography and geology (Atalay 2002 (Atalay , 2010 (Atalay , 2011 , supporting a variety of vegetation types (Akman and Ketenoǧlu 1986) . Annual precipitation varies from 300 to 2,000 mm, and mean annual temperature from 4 to 19 °C. Some areas are prone to frosts for almost 10 months, while some have frost for only one day in a year. The growing period varies from almost the whole year to less than 140 growing days. Turkey is surrounded by an 8,333 km coastline with Black Sea at the North, Marmara Sea between two peninsulas, and Aegean Sea at West and Mediterranean at South. The coastal areas represent a dynamic, ecologically fragile environment with threatened habitats in which a diverse range of human activities are carried out (Acar et al. 2014) . In addition, the majority of Turkey's ever-increasing population resides in coastal areas (Erginöz and Doğan 1997) . Among cities that represent important points of entry of alien species into the country, İstanbul with a population of almost 15 million is Turkey's most populated metropolitan area and the economic powerhouse of the country. Its geographical characteristics and topography allow for the existence of diverse microclimatic zones to exist in a relatively small area of 5,461 km 2 (Güneralp et al. 2013) . The 2,875-km long border of Turkey with its neighbours Georgia, Armenia, Azerbaijan, Iran, Iraq, Syria, Greece and Bulgaria is associated with a high probability of entry and occurrence of alien plant species in habitats along adjacent roadside corridors that represent an important pathway for alien plants .
Data sources used to compile the inventory
The first flora dedicated to Turkey is composed of the five volumes of Boissier's Flora Orientalis (Boissier 1867-1884) and its supplement (Boissier 1888) where alien species are occasionally reported. However, the basic data source used for the present inventory is the Flora of Turkey and the East Aegean Islands (Davis 1965 -1985 , Davis et al. 1988 , Güner et al. 2000 . This source has been complemented with information extracted from all the available literature, such as, in particular, the papers published after 2000 in the Turkish Journal of Botany and elsewhere. In addition, dedicated studies (Uremis et al. 2014 , Arslan et al. 2015 and field surveys (e.g. Brundu et al. 2011) were taken into account as well as herbarium samples stored at the Düzce University Forestry Faculty Herbarium (DUOF) and other herbaria in Turkey (GAZİ, ISTO, AİBO and ISTE). We also screened the GBIF database, which holds 265,818 plant records for Turkey (GBIF 2017); however, alien plant species are significantly underrepresented in this source. We also used information from an ongoing project dedicated to the online flora of Turkey (Tübives -http://www.tubives.com/index.php) (Bakis et al. 2011) , an initiative for a new Flora of Turkey with illustrations 'Resimli Türkiye Florası Volume 1 (Güner 2014) , and 'Bizim Bitkiler' (http://www.bizimbitkiler.org. tr/v2/index.php), another online flora of Turkey which includes the last checklist of vascular flora of Turkey by Güner et al. (2012) .
Classification of taxa and their characteristics
This inventory focuses on plant species alien to Turkey (synonyms: exotic, introduced, nonindigenous, non-native), i.e. species present in the country because human actions enabled them to overcome fundamental biogeographical barriers (Richardson et al. 2000 , Blackburn et al. 2011 ; they occur in Turkey as a result of intentional or accidental introduction by humans, or as a result of natural spread from other regions where they were introduced by humans. Crosses resulting from hybridization with one or both alien species involved are also considered alien (Pyšek et al. 2004 ). In addition, we included in this inventory some taxa that are native to a part of the country but introduced elsewhere in Turkey, i.e. alien in Turkey, following an approach proposed by Lambdon et al. (2008) for Europe.
We classified alien plant species according to the stage they reached along the introduction-naturalization-invasion continuum (Richardson and Pyšek 2006 , Richardson et al. 2000 , 2011 , Blackburn et al. 2011 ). However, due to a lack of data on the rate of spread we did not classify species as invasive and only classified them in two main categories, casual or naturalized. The complete inventory (Suppl. material 1: Table 1 ) lists also additional species that are presently recorded only in cultivation outside urban areas, but over very large areas, such as tree species in planted forests, and that could start to naturalize in the future due to potentially strong propagule pressure or climate change. These species are, however, not taken into account for data analyses. Taxa were further classified with respect to their residence time, i.e. separated into archaeophytes and neophytes (see e.g. Pyšek et al. 2004 Pyšek et al. , 2012 for delimitation). Affiliation of taxa to families follows the approach of the Angiosperm Phylogeny Group (Stevens 2001 onwards, APG IV 2016 . Plant names have been verified using IPNI (International Plant Name Index, http://www.ipni.org/), The Plant List (2010, version 1, published on the Internet; http://www.theplantlist.org/), WCSP and the African Plants Database (APD, version 3.4.0), updated by the Conservatoire et Jardin botaniques de la Ville de Genève and the South African National Biodiversity Institute, Pretoria, South Africa (http://www.ville-ge.ch/musinfo/bd/cjb/africa). We followed, to our best attempt, the accepted and correct nomenclature according to current taxonomic standards.
Information on life history, region of origin, pathway of introduction (intentional vs accidental) and habitat affiliation was extracted from literature and from the above cited sources for each species.
Life forms were classified as follows: therophytes, hydrophytes, chamaephytes, geophytes, hemicryptophytes and phanerophytes (Raunkiaer 1934 (Raunkiaer , 1937 . In addition, growth form and life history were assigned according to the Thesaurus of Plant Characteristics for Ecology and Evolution (Garnier et al. 2017 ) and other specific literature (Pérez-Harguindeguy et al. 2016 ). Growth-forms reported for aquatic plants follow Brundu (2015) .
The checklist has been archived on the Global Biodiversity Information Facility (Uludag et al. 2017 ).
Statistical analysis
Differences in representation of life forms within casual and naturalized species were tested by contingency tables with control for overdispersion (if needed using quasiPoisson distribution) (Crawley 2007). To test individual differences among life forms and species groups, adjusted standardized residuals of G-tests were compared with critical values of a normal distribution (Řehák and Řeháková 1986) . All analyses were performed in R 3.0.2 (R Core Team 2015).
Results
Species numbers and taxonomic composition
The alien flora of Turkey comprises 340 taxa, among which there are 321 angiosperms, 17 gymnosperms and two ferns. Of the total number of taxa, 228 (67.1%) are naturalized and 112 (32.9%) are casual (Appendix 1; for the complete list of taxa, which includes additional 47 frequently planted taxa noted above, see Suppl. material 1). Related to the total plant diversity of ~12,000 species in the Turkish flora, the contribution of alien taxa is ~2.8% and that of naturalized taxa ~1.9%. Of the taxa for which the classification according to residence time was possible, there are 275 neophytes (172 naturalized and 103 casual) and 61 archaeophytes (52 naturalized and 9 casual).
Turkey's alien flora includes representatives of 92 families and 251 genera. There are seven families with at least 10 aliens that together comprise 44.7% of the total alien taxa richness of the country; the richest are Asteraceae (38 taxa, corresponding to 11.2% of all aliens), Poaceae (30, 8.8%), Fabaceae (23, 6.8%) and Solanaceae (22, 6.5%). As for the naturalized alien plants, the highest species richness is found in Asteraceae (31 taxa, 13.6% of the total number of naturalized aliens), Poaceae (22, 9.6%), Amaranthaceae (18, 7.9%) and Solanaceae. Over a half of the naturalized alien richness (51.8%) is concentrated in eight families that contain more than four naturalized taxa (Table 1) .
The most represented genus is Amaranthus with 13 taxa that are all naturalized, contributing thus 3.3% and 5.7% to all aliens and naturalized aliens, respectively. Solanum is also rather rich in aliens, but of the 11 taxa only five are naturalized. Other genera, that are represented by more than five species and the naturalization success of their representatives is high, are Euphorbia (88.9% of all aliens in the genus are naturalized), Acacia (83.3%) and Oxalis (100%). The 11 genera with at least four alien taxa in Turkey together account for 17.6% of the total alien plant richness and 26.3% of the naturalized richness of the country (Table 2) .
Ecological attributes
The majority of alien taxa are perennial (63.8% of the total number of taxa with this life history assigned, including those with multiple life histories), annuals are also greatly represented (33.8%) and only 2.4% are biennials. Among perennials the most common life forms are phanerophytes, i.e. trees (20.3%) and shrubs (12.6%); woody vines, stem succulent, bambusoid and aquatic plants are comparatively less represented. There were significant differences in the counts per life history between casuals and naturalized species (χ 2 = 29.85, DF = 0,6, p<0.001). This significant difference was due to annuals (therophytes) where the observed counts were higher than expected by chance for naturalized species and lower for casuals and due to woody species (phanerophytes) where the situation was reversed (Figure 1) . Most of the 340 alien taxa introduced to Turkey have their native ranges in Americas (44.7%) and Asia (27.6%). Of other regions, 9.1% originated in Africa, 4.4% in Eurasia, 3.8% in Australia and Oceania, and 3.5% in the Mediterranean (see Table 3 for species numbers with respect to the area of origin).
The majority of taxa in the Turkish alien flora (71.9%) were introduced intentionally, whereas the remaining (28.1%) were introduced accidentally. Among the taxa Table 4 . Habitats in which the alien plant taxa are found in Turkey, shown separately for casual and naturalized taxa, with percentages of the total shown for each category. Natural/semi-natural habitats include the categories of the CORINE Land cover class 3 (Forest and semi-natural areas). introduced intentionally, the vast majority are ornamental plants (55.2%), 10.0% taxa were introduced for forestry (planted forest, reforestation, sand dune stabilization or soil protection) and 6.7% as crops (i.e. plant taxa cultivated for the production of food, forage, fruit, fibre, dye or drugs). Casual alien plants are most commonly found in urban and ruderal habitats (40.1% of their total number) where naturalized taxa are also often recorded (27.3%). Plants that occur as agricultural weeds are typically naturalized rather than casual (16.0% vs 7.1%, respectively. However, (semi)natural habitats in Turkey are often invaded by alien taxa, especially by those that are able to naturalize (Table 4) .
Habitat
Discussion and conclusions
This is the first comprehensive compilation and analysis of all available records on alien plant taxa in Turkey. It provides the first assessment of their status, introduction purposes and main types of invaded habitats. It also pinpoints knowledge gaps in the geographic and biogeographic distribution and the quantification of environmental and economic impacts.
The total number of the alien taxa reported for Turkey here (340) is relatively low compared to other Mediterranean and Southern European countries, namely France (1,258 taxa), Italy (1,023), Spain (933) and Portugal (547) (Lambdon et al. 2008 , Celesti-Grapow et al. 2009 ) and numerically comparable with Greece (343; Arianoutsou et al. 2010 , Dimopoulos et al. 2016 ). The same is true for the naturalized species richness in Turkey (228 taxa), for which higher numbers are reported for e.g. France (732), Spain (495) or Italy (440), but comparable numbers for Portugal (261) and lower for Greece (134) (Lambdon et al. 2008 ). This fact, together with the remarkably high richness of native flora of Turkey, makes the contribution of alien species to the total plant diversity of the country relatively low, with the values between 1.9 and 2.8% being by an order of magnitude lower than in some other European countries (e.g. Pyšek et al. 2012) or this continent as a whole. Europe, with a comparable native plant diversity as Turkey, ~10,000 native species (Winter et al. 2009 ), harbours 1,780 naturalized aliens from overseas and if one considers also intracontinental aliens the number reaches 3,749 taxa (Lambdon et al. 2008) or 4,140 according to the most recent account in GloNAF database . This is the first comprehensive catalogue for Turkey and it is based mainly on literature and herbarium data, with only a limited number of dedicated field surveys. Other Mediterranean countries such as France, Italy or Spain have a longer tradition of floristic research on alien plants, whose appearance and establishment have long been documented by botanists there (e.g., by Saccardo 1909) . It is therefore possible that casual species are underestimated in the dataset, as casuals in general, and escaped ornamentals in particular (Pergl et al. 2016b) , are rarely recorded in botanical works nor are they often collected in herbaria. Another possible explanation for the lower number of alien plants than in some other European countries is that although cultivation of ornamental plants dates back to ancient times, there has been rapid development and change in the ornamental plants sector in Turkey only after the 1980s and this development has gained speed only in the 2000s (Çelik and Arisoy 2013).
The rate of naturalization (proportion of naturalized to all aliens) is 67% in Turkey, i.e. the same as in Cyprus but higher than in Greece (41%), Spain (53%), Portugal (47%) and Italy (51%) . On the contrary, with the exception of Bulgaria, there is only very limited knowledge on the alien flora of Georgia, Armenia, Azerbaijan, Iran, Iraq, Syria which impedes comparisons between these countries and, at the same time, forecasting of future trends for the entire Mediterranean region.
National inventories of alien plants are one of the key components for evaluating the status of biodiversity in a given country, as well as threats to endangered species, and provide source data for creating relevant indicators (Lambdon et al. 2008 , CelestiGrapow et al. 2010 , Latombe et al. 2017 . Such data are needed for early warning systems, prioritization of management and implementation of effective policy measures (Brunel et al. 2010) . The publication of checklists also helps neighbouring countries and trading partners to assess the threat from potential invasions of new species to arrive and checklists can contribute to socalled horizon scanning exercises looking for potential new threats (Roy et al. 2014 , Latombe et al. 2017 .
Identifying those species that represent potential or future threats, while still at an early stage of invasion, represents a major challenge for prediction (Lambdon et al. 2008 , Brunel et al. 2010 . Detailed knowledge of the pool of alien naturalized species from which emerging invaders recruit can provide national authorities in Turkey with an instrument for prioritization of management measures and allocation of resources to those species where future spread, and environmental and socioeconomic impacts are likely to occur (Brunel et al. 2010 , Pergl et al. 2016a , Rumlerová et al. 2016 . The results of the present research will increase the awareness of alien plant taxa in Turkey and neighbouring countries and trigger further dedicated specialized studies, such as assessment of the impact by using standard scoring systems (e.g. Blackburn et al. 2014 . New alien species are bound to arrive and spread in Turkey and we hope that publication of this list will encourage further recording so that the impacts of these species can be minimized. Blackburn Flora of Turkey and the East Aegean Islands, Vol. 1 (1965), Vol. 2 (1967 ), Vol. 3 (1970 ), Vol. 4 (1972 ), Vol. 5 (1975 ), Vol. 6 (1978 ), Vol. 7 (1982 ), Vol. 8 (1984 ), Vol. 9 (1985 . 
